Transcriptional regulation is at the heart of biological functions such as adaptation to a 27 changing environment or to new carbon sources. One of the mechanisms, which has been 28 We first describe experimental techniques designed to show the formation of a DNA loop. We 36 then present the benefits that can or could be derived from a mechanism involving DNA 37 looping. Some of these are already experimentally proven but others are theoretical 38 predictions and merit experimental investigation. Then, we try to identify other genetic 39 systems that could be regulated by a DNA looping mechanism in the genome of Escherichia 40 coli. We found many operons that according to our set of criteria have a good chance to be 41 regulated with a DNA loop. Finally, we discuss the proposition recently made by both 42 biologists and physicists, that this mechanism could also act at the genomic scale and play a 43 crucial role in spatial organization of genomes. 44
INTRODUCTION 45
Requirement for the two binding sites to be in phase.
the two binding sites are in phase on the double-helix to allow the interaction. DNA has natural 154 torsional rigidity and develops a resistive torque when it is twisted. Torsional stiffness thus affects 155 the cyclization of DNA and it can be measured by single molecule experiments [42] . If the two sites 156 are on opposite sides on the double-helix, torsional energy is required to twist the DNA so that thecomplex in a gel depends upon many variables, it is important to be able to compare the samerepressor can only form a loop at the gal operon when the nucleoid associated protein HU is bound 205 to a specific site near the apex of the loop. The resulting nucleoprotein complex, called a 206 "repressosome", was shown to carry an antiparallel loop [49, 50] . 207
Plasmid concatenation 208
An 
ADVANTAGES OBTAINED VIA DNA LOOPING 258
Several of the conceivable benefits to the cell from employing formation of a DNA loop have been 259 described and tested experimentally. Theoretical physics suggests additional advantages that need to 260 be tested, although there are hints to be found in the literature that they do apply in vivo. 261
High local concentration 262
The major advantage that is gained by the formation of a DNA loop is that it produces a high 263 proteins. The effect has now been quantified using the formalism of statistical physics. Vilar and 277
Leibler [17] calculated that adding an auxiliary binding site is equivalent to increasing the effectiveis related to the chelate effect, which explains local concentration effects on enzymatic and 280 intramolecular reactions [61, 62] . 281
Attenuation of fluctuations 282
It is now well accepted that gene regulation has a stochastic component that can have a crucial 283 impact on many biological processes [63, 64] . For example transcription can be observed to occur 284 in "bursts" within individual cells [65] . One of the sources of noise is the discrete and small number 285 of molecules that are involved in the regulation of individual genes. Physicists and biologists have 286
proposed that during the course of evolution, mechanisms developed to attenuate these fluctuations 287 
